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Tricuspid regurgitation severity was assessed preopera- 
tively with Doppler color flow mapping and these assess- 
ments were compared with surgical findings in 90 patients 
undergoing mitral or aortic valve replacement, or both. 
Group I (n = 52) required tricuspid valve annuloplasty 
because tricuspid regurgitation was judged intraoperatively 
to be severe; in Group II (n = 38), tricuspid valve annulo- 
plasty was not performed because tricuspid regurgitation 
was judged intraoperatively not to be severe. With use of 
the apical four chamber and parasternal short-axis imaging 
planes, the severity of tricuspid regurgitation by Doppler 
color flow mapping was assessed by comparing the maximal 
area of tricuspid regurgitant signals with the right atrial 
area taken in the same frame in which the maximal 
tricuspid regurgitant signals were noted. This ratio was 
found to be ~34% (mean 50.2 f 11.8%) in 50 (96%) of 52 
patients in Group I and ~34% (mean 27.5 A 6.9%) in 36 
(95%) of 38 patients in Group II (p < 0.001). 
The maximal diastolic tricuspid anulus diameter mea- 
sured with the same two-dimensional imaging planes was 
221 mm/m’ body surface area (mean 26.7 +: 5.2 mm/m’) 
in 46 patients (88%) in Group I and <21 mm/m’ (mean 
17.8 f 2.5 mm/m2) in 36 patients (95%) in Group II (p < 
0.001). The percent shortening of the tricuspid anulus 
diameter was ~25% (mean 17.2 f 6.5%) in 47 patients 
(90%) in Group I and was ~25% (mean 31.2 f 5.9%) in 37 
patients (97%) (p < 0.001) in Group II. The two patient 
groups could not be distinguished with use of two- 
dimensional right ventricular ejection fraction. 
Both Doppler color flow mapping and two-dimensional 
echocardiography are useful in identifying patients who 
would require tricuspid valve repair for severe tricuspid 
regurgitation during mitral or aortic valve replacement, or 
both. 
(J Am Co11 Cardiol1989;14:1266-74) 
Tricuspid regurgitation often appears in conjunction with 
mitral and aortic valve disease despite the presence of a 
structurally normal tricuspid valve. This occurs when the 
right ventricle and tricuspid valve anulus dilate under the 
increased afterload resulting from elevated pulmonary artery 
pressures (l-3). A reliable noninvasive method for the 
assessment of the severity of tricuspid regurgitation would 
be useful by allowing the clinician a quick and easy way of 
determining whether the patient is likely to need tricuspid 
valve repair during mitral or aortic valve replacement, or 
both. 
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At present, clinical criteria that distinguish mild from 
severe tricuspid regurgitation lack sensitivity and specificity, 
and the evaluation of tricuspid regurgitation during angiog- 
raphy may not be reliable because of the possibility of 
catheter-induced regurgitation (4,5). M-mode and two- 
dimensional echocardiography show the right atria1 and 
ventricular enlargement resulting from significant tricuspid 
regurgitation but are not able to directly assess its severity. 
Conventional pulsed Doppler echocardiography can identify 
the turbulence produced by tricuspid regurgitation and mea- 
sure its extent into the right atrium. However, meticulous 
mapping of the right atrium in multiple planes is very time 
consuming and often inaccurate. The recent development of 
real time two-dimensional Doppler color flow mapping per- 
mits direct visualization of tricuspid regurgitant signals, 
allowing rapid interrogation of all three dimensions of the 
right atrium in multiple imaging planes, and, therefore, 
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would be expected to be more accurate than the conven- 
tional Doppler technique. The reliability of the Doppler color 
flow technique in the semiquantitative assessment of left- 
sided valvular regurgitation has been documented (6). 
The purpose of this study was to determine the reliability 
of Doppler color flow mapping in assessing the severity of 
tricuspid regurgitation by correlating the Doppler color flow 
data and two-dimensional echocardiographic findings with 
the surgeon’s assessment of the need for tricuspid annulo- 
plasty in patients undergoing mitral or aortic valve surgery, 
or both. 
Methods 
Study patients. Ninety adult patients (33 male, 57 female; 
mean age 56 years) form the basis of this study. All had the 
tricuspid valve evaluated by the surgeon during mitral or 
aortic valve surgery; preoperative two-dimensional echocar- 
diography and Doppler color flow studies were performed 
within 72 h in 61 patients and within 4 to 14 days (mean 
6.1 f 5) in 29 patients. Standard right and left heart cathe- 
terizations were also performed in 73 and 90 of the 90 
patients, respectively, before surgery (within 72 h in 52 and 
within 4 to 18 days, mean 8.1 + 5.2 days, in 38 patients). 
Thirty-three patients had atria1 fibrillation and the remaining 
57 were in normal sinus rhythm. Patients with primary 
tricuspid valve disease and Ebstein’s anomaly were ex- 
cluded from this study. 
Surgical procedures and findings. During mitral or aortic 
valve surgery, or both, the presence and severity of tricuspid 
regurgitation were evaluated qualitatively by digital palpa- 
tion, as well as indirectly by qualitative estimate of the size 
and thickness of the right atrium and right ventricle (1,7-9). 
Tricuspid annuloplasty was performed with the use of either 
suture repair (46 patients) or Carpentier’s ring (6 patients) 
when tricuspid regurgitation was judged to be severe by the 
surgeon. Valve surgery was performed for native mitral and 
aortic valve disease in 20 and 2 of the 90 patients, respec- 
tively, for both native mitral and aortic valve disease in 17 
patients, and for mitral or aortic prosthetic valve dysfunction 
in 13 patients. At surgery, the tricuspid valve was found to 
be grossly normal in all patients. 
On the basis qf the surgical jndings, the study patients 
u’erc classified into two groups: Group I consisted of 52 
patients who underwent tricuspid annuloplasty because tri- 
cuspid regurgitation was considered severe at surgery. Sys- 
tolic pulmonary artery pressure at cardiac catheterization 
was 240 mm Hg in 34 patients, <40 mm Hg in 11 patients 
and not available in the remaining 7 patients. Group II 
included 38 patients who did not undergo tricuspid annulo- 
plasty because tricuspid regurgitation was not considered 
severe at surgery. The systolic pulmonary artery pressure 
was 240 mm Hg in 23. ~40 mm Hg in 5 and not available in 
10 patients. 
Echocardiography 
Two-dimensional echocardiographic and Doppler color 
flow examinations were performed on all patients in a 
standard manner (6) with an Irex Aloka 880, Corometrics 
Aloka 860. Toshiba SSH-65A, Hewlett Packard NV-8200 or 
Advanced Technology Laboratory UltraMark VI Doppler 
color flow system and a 2.0 or 2.5 MHz transducer. 
Two-dimensional echocardiographic measurements. On 
the parasternal short-axis and apical four chamber echocar- 
diographic imaging planes, the maximal tricuspid valve 
anulus diameter (TVAD,,,) during diastole was measured 
from the point of insertion of the septal tricuspid leaflet to 
the insertion of the anterior tricuspid leaflet. This diameter 
was corrected for body surface area. In addition, the small- 
est tricuspid valve anulus diameter (TVAD,,,) was mea- 
sured during systole using the same beat and the same plane 
in which the largest diameter was noted. This diameter also 
was corrected for body surface area. The percent shortening 
of the tricuspid valve anulus (TVA) was then estimated using 
the following equation: 
Percent shortening of TVA = TVAD,,, - TVAD,i” x loon, 0 
TVAD,,, 
Since no patient demonstrated right ventricular wall 
motion abnormality on two-dimensional echocardiography, 
the right ventricular ejection fraction was computed in all 
patients by a method previously described for the calculation 
of the left ventricular ejection fraction (10). Briefly, using the 
apical four chamber plane, the right ventricular minor axis 
was measured at the mid-cavity level and the right ventric- 
ular major axis was measured from the apex to the base of 
the tricuspid valve in both the end-diastolic and end-systolic 
frames. The right ventricular ejection fraction (EF) then was 
computed using the equation: 
EF = (DJ* x Ld - (D,)’ x L, 
(t&J2 x Ld ’ 
where Ld = major axis in end-diastole; L, = major axis in 
end-systole; D, = minor axis in end-diastole: and D, = 
minor axis in end-systole. 
Doppler color flow measurements. The Doppler color flow 
mapping display of reversed or mosaic signals originating 
from the tricuspid valve and extending into the right atrium 
during systole identified the presence of tricuspid regurgita- 
tion. Using the parasternal short-axis and apical four cham- 
ber views, planimeter was performed on the maximal area of 
the regurgitant signals to obtain the regurgitant jet area. The 
area of the right atrium was also measured in the same frame 
in which the maximal regurgitant jet area was noted; the 
ratio of the maximal regurgitant jet area to the right atria1 
area was then obtained (Fig. 1). An independent observer 
who did not know the Doppler color flow and surgical results 
performed all two-dimensional echocardiographic measure- 
ments. Two independent observers who did not know the 
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Figure 1. Schematic of apical four chamber view showing the 
Doppler color flow measurement technique. LA = left atrium; LV = 
left ventricle; MV = mitral valve; RA = right atrium; RAA = right 
atria1 area taken in the same plane in which the maximal regurgitant 
area is observed; RJA = maximal tricuspid regurgitant jet area; TV 
= tricuspid valve. 
two-dimensional echocardiographic and surgical results per- 
formed all Doppler color flow measurements. 
Statistics. All two-dimensional echocardiographic, Dopp- 
ler color flow mapping and catheterization findings were 
compared between Group I and II patients using the student 
t test for statistical significance. A p value ~0.05 was 
considered to be significant. The interobserver variability for 
the maximal regurgitant jet area to right atria1 area ratio was 
assessed using simple linear correlations. 
Results 
Two-Dimensional Echocardiographic 
Measurements 
Tricuspid valve anulus measurements. The maximal and 
minimal tricuspid valve anulus diameters corrected and 
uncorrected for body surface area for both groups are shown 
in Table 1. The corrected maximal annular diameter was ~21 
mm/m2 in 46 (88%) of the 52 patients in Group I (tricuspid 
repair) and ~21 mm/m* in 36 (95%) of the 38 patients 
(p < 0.001) in Group II (non-repair) (Figure 2A). The cor- 
rected minimal annular diameter was ~16 mm/m2 in 37 
patients (97%) in Group II and 216 mm/m* in 47 patients 
(90%) (p < 0.001) in Group I (Fig. 2B). The uncorrected 
maximal annular diameter was ~38 mm in 46 patients (88%) 
in Group I and <38 mm in all patients in Group II 
(p < 0.001) (Fig. 3A). The uncorrected minimal annular 
diameter was ~28 mm in 48 patients (92%) in Group I and 
~28 mm in all patients in Group II (p < 0.001) (Fig. 3B). 
These results show that the sensitivity and specificity of the 
various two-dimensional echocardiographic measurements 
of the tricuspid valve anulus in predicting the presence of 
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Figure 2. Two-dimensional echocardiographic (2D echo) maximal 
(A) and minimal (B) tricuspid valve anulus diameters (TVADI,,, 
and TVADI,,,), both corrected for body surface area, in patients in 
Group I (those who underwent tricuspid annuloplasty) and Group II 
(those who did not undergo tricuspid annuloplasty). 
significant tricuspid regurgitation necessitating annuloplasty 
are high, both in the range of 88% to 100% (Table 2). 
Percent shortening of tricuspid valve anulus. The percent 
shortening of the tricuspid valve anulus in Group I patients 
ranged from 5.1% to 33.3% (mean 17.2 + 6.5%) and was 
significantly lower than in Group II patients in whom it 
ranged from 24% to 55% (mean 31.2 2 5.9%, p < 0.001) 
(Table 1). Percent shortening ~25% was observed in 47 
Group I patients (90%) and was 225% in all except one 
patient (97%) in Group II (Fig. 4). The sensitivity and 
specificity of the percent shortening of the tricuspid anulus 
diameter in predicting the presence of significant tricuspid 
regurgitation necessitating annuloplasty are also high at 90% 
and 97%, respectively (Table 2). 
The right ventricular ejection fraction in Group I was 
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Figure 3. Two-dimensional echocardiographic (2D echo) maximal 
(A) and minimal (B) tricuspid valve anulus diameters (TVAD,,, and 
TVAD,,,), both uncorrected for body surface area, in Group I and 
Group II patients. 
lower (41.0 rfr 11.9%, range 19% to 66%) than in Group II 
where it was 56.5 ? 10.6% (range 34% to 80%) (p < O.OOl), 
but there was much overlap between the two groups. 
Pulmonary artery pressure. There were no statistically 
significant differences between the Group I and Group II 
patients with regard to the pulmonary artery systolic pres- 
sure measured at catheterization (p = 0.48). 
Doppler Color Flow Measurements 
Regurgitant jet area. The maximal tricuspid regurgitant 
jet area ranged from 4.3 to 37.0 cm2 (mean 15.3 2 7.9) in 
Group I and was significantly larger than that in Group II, in 
which it ranged from 2.1 to 9.6 cm2 (mean 5.4 k 1.7, 
p < 0.001) (Table 1). This area was 29 cm2 in 37 patients 
(71%) in Group I, and <9 cm2 in all except one patient (97%) 
in Group II (Fig. 5). Thus, the sensitivity and specificity of 
this Doppler color flow variable in predicting the presence of 
significant tricuspid regurgitation necessitating annuloplasty 
were 71% and 97%, respectively (Table 2). 
Ratio of regurgitant jet area to right atria1 area. The ratio 
of maximal regurgitant jet area to right atria1 area in Group I 
Table 1. Two-Dimensional and Echocardiographic Doppler Color 
Flow Mapping Measurements in 90 Patients 
Group I 
(n = 52) 
Group II 
(n = 38) p Value 
Two-dimensional 
echocardiography 
TVAD,,, (mm) 
238 
<38 
TVADI,,, (mm/m’) 
221 
<21 
TVA&,,, (mm) 
228 
<28 
TVADI,,, (mm/m’) 
216 
<I6 
STVAD (%) 
225 
125 
RVEF (%) 
Doppler color flow 
mapping 
RJA (cm’) 
29 
<I) 
RJMRAA Ratio (%) 
2.34 
<34 
43.0 * 7.5 28.7 2 3.3 
(29 to 53) (I9 to 36) 
46 (88%) 0 (0%) 
6(11%) 38 (100%) 
26.7 + 5.2 17.8 2 2.5 
(16 to 39) (II to 24) 
46 (88%) 2 (6%) 
6 (II%) 36 (95%) 
35.9 ? 6.1 19.5 ? 3.5 
(22 to 47) (9 to 25) 
48 (92%) 0 (0%) 
4 (8%) 38 (100%) 
22.4 ir 4.8 12.8 + 2.3 
(12 to 33) (24 to 55) 
41(90%) I (3%) 
5 (9%) 31(97%) 
17.2 ? 6.5 31.2 + 5.9 
(5.1 to 33.3%) (24 to 55%) 
5 (9%) 37 (97%) 
47 (90%) I (3%) 
41.0 2 11.9 56.5 ? 10.6 
(19 to 66) (34 to 80) 
(n = 52) (n = 38) 
15.3 ? 7.9 5.4 ? 1.7 
(4.3 to 37.0) (2. I to 9.6) 
37 (71%) I (3%) 
I5 (29%) 37 (97%) 
50.2 t II.8 27.5 k 6.9 
(20 to 77%) (12.5 to 46.6%) 
50 (96%) 2 (S%) 
2 (4%) 36 (95%) 
<O.ooI 
<O.OOl 
<O.OOl 
<O.OOl 
<O.OOl 
<O.OOl 
<O.OOl 
<O.OOl 
Group 1 = patients who underwent tricuspid valve repair during aortic or 
mitral valve surgery; Group II = patients who did not require tricuspid valve 
repair. RAA = right atrial area; RJA = regurgitant jet area; RVEF % = right 
ventricular ejection fraction; STVAD % = percent shortening of tricuspid 
valve anulus diameter; TVAD,,, = tricuspid valve anulus diameter maxi- 
mum: TVAD,,, = tricuspid valve anulus diameter minimum; TVADI,,, = 
tricuspid valve anulus diameter index maximum (corrected for body surface 
area); TVADI,,, = tricuspid valve anulus diameter index minimum (corrected 
for body surface area). 
ranged from 20% to 77% (mean 50.2 F 11.8%) and was 
significantly larger than the ratio in Group II patients, which 
ranged from 12.5% to 46.6% (mean 27.5 * 6.9%, p < 0.001) 
(Table I). This ratio was 234% in all except 2 patients (96%) 
in Group I and was ~34% in 36 patients (95%) in Group II 
(Fig. 6). There was no significant interobserver variation in 
estimation of the maximal regurgitant jet area to right atria1 
area ratios (r = 0.92) (Fig. 7). The sensitivity and specificity 
of this Doppler color flow variable in the detection of 
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Table 2. Sensitivity and Specificity of Two-Dimensional 
Echocardiographic and Doppler Color Flow 
Mapping Measurements 
Sensitivity Specificity 
(%) (%) 
RJA (%) 71 97 
RJAIRAA 96 95 
TVADm,, 88 100 
TVADI,,, 88 94 
TVAD,, 92 loo 
TVADI,, 90 97 
STVAD (%) 90 97 
Abbreviations as in Table 1. 
significant tricuspid regurgitation requiring annuloplasty 
were 96% and 95%, respectively (Table 2). 
Correlation of two-dimensional echocardiographic and 
Doppler color flow measurements. The best combinations for 
sensitivity and specificity of the Doppler color flow mapping 
and two-dimensional echocardiographic findings are shown 
in Table 3. Two-dimensional echocardiographic variables 
correlated significantly with both maximal tricuspid regur- 
gitant jet area and its ratio with the right atria1 area (r = 0.46 
to 0.69, p < 0.001) (Table 4). The best correlations were for 
maximal and minimal tricuspid valve anulus diameter (un- 
corrected for body surface area) with r values of 0.69 and 
0.66, respectively. 
Discussion 
Tricuspid regurgitation associated with mitral or aortic 
valve disease. The mechanism of “functional” tricuspid 
regurgitation in patients with mitral or aortic valve disease 
has been presumed to be related to right ventricular and 
tricuspid anulus dilation caused by the increased afterload 
Figure 4. Two-dimensional echocardiographic percent shortening of 
tricuspid valve anulus diameter (TVAD) in Group I and Group II 
patients. 
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Figure 5. Maximal tricuspid regurgitant jet area (RJA) by Doppler 
color flow mapping (CD) in Group I and Group II patients. 
resulting from elevated pulmonary artery pressure. Several 
studies (3,7,11,12) have demonstrated that, despite adequate 
correction of the primary cardiac lesion, “functional” tri- 
cuspid regurgitation can persist and contribute to increased 
morbidity and mortality in the postoperative period. Be- 
cause of the introduction of improved methods for tricuspid 
valve annuloplasty, it is now possible to achieve a satisfac- 
tory functional repair of the tricuspid valve at relatively low 
Figure 6. Percent ratio of the maximal tricuspid regurgitant jet area 
(RJA) by Doppler color flow mapping (CD) to the right atrial area 
(RAA) taken in the same frame as the maximal regurgitant jet area 
in Group I and Group II patients. 
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Figure 7. Interobserver variation in estimation of the ratio of the 
maximal tricuspic regurgitant jet area (RIA) by Doppler color flow 
mapping to the right atria1 area (RAA). There is good agreement 
between observer 1 and observer 2 (r = 0.92). 
risk (11). Therefore, it is essential to identify patients in 
whom tricuspid regurgitation is severe and is not likely to 
regress significantly after surgical correction of the primary 
valve disease. Unfortunately, reliable assessment of the 
severity of tricuspid regurgitation is difficult. For example, 
the clinically classical triad of prominent V waves, pulsatile 
liver and inspiratory increase in intensity of the systolic 
murmur at the left sternal border, used for assessment, may 
be present in only 40% of cases (13) and is affected by the 
clinical status of the patient with respect to the presence or 
absence of congestive cardiac failure, for example. 
Contrast echocardiography (14) entails a peripheral intra- 
venous injection, making it a semi-invasive technique. More- 
over, this technique lacks adequate sensitivity, especially in 
the diagnosis of mild tricuspid regurgitation, and does not 
provide a reliable assessment of the severity of tricuspid 
regurgitation (15,16). Right ventriculography, being an inva- 
sive technique, cannot be performed in a very sick patient. 
The presence of a catheter across the tricuspid valve also 
can induce artifactual tricuspid regurgitation, especially in 
the presence of ventricular ectopic beats. This complication 
may usually be avoided by the use of preshaped balloon 
Table 3. Combined Sensitivity and Specificity of 
Two-Dimensional Echocardiographic and Doppler Color Flow 
Mapping Measurements 
Sensitivity Specificity 
(%) (%c) 
TVAD,,, 2 38 mm plus RJA/LAA ~34% 
TVADI max > 21 mm/m’ plus RJA/RAA ~34% 
TVAD,,, < 28 mm plus RJA/RAA ~34% 
TVADI,,, 2 16 mm/m’ plus RJA/RAA ~34% 
RJA/RAA 2 34% plus % STVAD ~25% 
92 97 
96 97 
94 97 
91 loo 
97 96 
Abbreviations as in Table 1 
Table 4. Correlation of Two-Dimensional Echocardiographic and 
DooDler Color Flow Measurements 
Two-Dimensional 
Echocardiography 
RJA 
Doppler Color 
Flow Mapping 
RJAIRAA p Value 
TVALx r = 0.53 
TVADI,,, r = 0.46 
TVAD,,, r = 0.63 
TVADL,,, r = 0.52 
STAVD (%) r = -0.48 
Abbreviations as in Table 1. 
r = 0.69 
r = 0.56 
r = 0.66 
r = 0.61 
r = -0.56 
<O.OOl 
<o.OOi 
<O.OQl 
<O.OOl 
<O.OOl 
catheters, but the possibility of induced artifactual regurgi- 
tation cannot be entirely eliminated (17). 
Conventional Doppler echocardiography. Pulsed Doppler 
echocardiography allows recognition of turbulent retrograde 
signals of tricuspid regurgitation, and by meticulous mapping 
of the right atrium in several imaging planes, it is possible to 
semiquantitate the severity of the regurgitation. However, 
this method is tedious and time consuming and, thus, of 
limited use in situations requiring a rapid and accurate 
assessment of tricuspid regurgitation severity. Miyatake et 
al. (4) in a study of 62 patients with tricuspid regurgitation by 
contrast right ventriculography and pulsed Doppler echocar- 
diography found a correlation coefficient of 0.74 between the 
two techniques for the grading of tricuspid regurgitation. 
Dorada Garcia et al. (18) in a study of 24 healthy subjects and 
33 patients with left-sided valvular heart disease obtained a 
sensitivity of 81% in the detection of tricuspid regurgitation 
by pulsed Doppler study when compared with right ventric- 
ular angiography. These investigators were not able to 
quantify the severity of tricuspid regurgitation on the basis of 
the area of right atria1 systolic turbulence as evaluated by 
pulsed Doppler study. 
Doppler color flow mapping. Because of these problems 
in assessing the severity of tricuspid regurgitation, we eval- 
uated the recently introduced technique of Doppler color 
flow mapping in relation to the need for tricuspid valve 
repair. In the absence of any reliable reference standard, we 
evaluated the area of flow disturbance produced by the 
tricuspid regurgitant jet and correlated it with the need for 
subsequent repair of the tricuspid valve as determined by the 
surgeon intraoperatively. Although intraoperative assess- 
ment of the severity of tricuspid regurgitation forms the basis 
for the decision to repair or not to repair the tricuspid valve, 
it has many well recognized limitations. For example, in 
some patients with severe tricuspid regurgitation, the right 
ventricle and right atrium function as a common chamber 
during ventricular systole and the systolic regurgitant jet is 
barely perceptible. The surgeon takes all these factors into 
consideration before deciding to perform a tricuspid valvo- 
plasty or to leave the tricuspid valve alone. Thus, even 
though subjective, the assessment of an experienced surgeon 
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is usually correct and, in the opinion of some authors (7,8), 
the digital palpation technique, although not perfect, is 
probably the “most accurate method” of assessing the 
severity of tricuspid regurgitation before the institution of 
cardiopulmonary bypass. 
Despite these limitations, intraoperative assessment 
forms the basis of tricuspid valve repair. Doppler color flow 
mapping allows direct visualization of the tricuspid regur- 
gitant flow signals and, with the use of multiple imaging 
planes, the maximal area of the flow disturbance and re- 
versed flow can be easily obtained. As reported for the 
assessment of mitral regurgitation (6) this area of flow 
disturbance would be expected to correlate with the severity 
of tricuspid regurgitation in a semiquantitative manner. Our 
results demonstrate that the regurgitant jet area to right atria1 
ratio of ~34% could predict with confidence those patients 
who were considered to have severe tricuspid regurgitation 
by the surgeon and, hence, underwent tricuspid annulo- 
plasty. On the other hand, a regurgitant jet area to right atria1 
ratio ~34% correlated with the surgeon’s decision for con- 
servative management. The cutoff value of 34% accurately 
separated all except four patients. The reason for the lack of 
correlation with the surgeon’s decision in these four patients 
is not clear, but Doppler color flow mapping at the present 
time provides semiquantitative, rather than quantitative, 
estimation of the severity of tricuspid regurgitation. 
Two-dimensional echocardiography. Recently, consider- 
able attention has focused on the size and function of the 
tricuspid anulus and their relation to the severity of tricuspid 
regurgitation. Using multiple apical views obtained at 30” 
rotation, Tei et al. (19) were able to reconstruct the tricuspid 
anulus in three dimensions during systole and diastole in 16 
normal subjects and 18 patients with tricuspid regurgitation. 
The maximal and minimal annular circumference sizes were 
significantly larger and the percent reduction in tricuspid 
anulus circumference was significantly smaller in patients 
with tricuspid regurgitation than in the normal subjects. The 
sphincter-like function of the tricuspid anulus has also been 
confirmed in the canine model by Tsakiris et al. (20). 
Utilizing intraoperative contrast echocardiography as a ref- 
erence standard, Goldman et al. (2) found that the maximal 
and minimal tricuspid anulus diameters during both systole 
and diastole correlated with the severity of tricuspid regur- 
gitation (r = 0.68 to 0.76). The annular diameter was 
significantly larger in patients with 3 to 4+ regurgitation (39 
? 5 mm), as compared to patients with 1 to 2-t regurgitation 
(26 ? 5 mm). Ubago et al. (21), in their study of 67 patients 
in whom right ventriculography was performed, found the 
angiographically determined tricuspid anulus diameter of 27 
mm/m* to differentiate patients with mild from those with 
severe tricuspid regurgitation, and the percent annular short- 
ening to be significantly reduced in patients with moderate to 
severe versus mild tricuspid regurgitation (p < 0.01). 
In our experience, a maximal echocardiographic tricuspid 
anulus diameter of ~21 mm/m2 corrected for body surface 
area or percent annular shortening of <25% distinguished 
patients who underwent tricuspid annuloplasty from those 
who did not undergo this procedure with a high degree of 
reliability. In addition, we obtained a significant correlation 
between the maximal tricuspid anulus diameter and the 
severity of tricuspid regurgitation by Doppler color flow 
mapping (r = 0.69, p < 0.001). A significant inverse corre- 
lation (r = -0.56, p < 0.001) was also obtained between the 
percent shortening of the tricuspid anulus and the tricuspid 
regurgitation severity estimated by Doppler color flow map- 
ping. Our findings lend support to the hypothesis that severe 
tricuspid regurgitation requiring tricuspid annuloplasty re- 
sults from a stretching of the tricuspid anulus beyond a 
critical size and a reduced sphincter function of the anulus. 
Because the reduced sphincter function may reflect the 
overall right ventricular systolic dysfunction, we attempted 
to estimate the right ventricular ejection fraction in our 
patients. Using the point method previously described for 
the left ventricular ejection fraction (10,22) and using as- 
sumptions for the right ventricular geometry similar to those 
used for the left ventricle, we found a reduced overall right 
ventricular systolic function in patients undergoing tricuspid 
annuloplasty as compared with findings in patients the 
surgeon selected for conservative management. However, 
there is a marked overlap in the ejection fractions between 
the two groups, and it is possible for the ejection fraction to 
be well preserved in patients with severe tricuspid regurgi- 
tation despite right ventricular myocardial dysfunction be- 
cause of the unloading effect of severe tricuspid regurgita- 
tion. Our results should be interpreted with caution because 
of the complex geometric shape of the right ventricular 
cavity and the oversimplified assumptions with regard to its 
shape in the two-dimensional echocardiographic method 
employed for calculation of right ventricular ejection frac- 
tion. 
Combined two-dimensional echocardiography and Doppler 
color flow mapping. As previously discussed, both of these 
techniques can be used to distinguish patients requiring 
tricuspid valve repair from those in whom the procedure is 
not deemed necessary by the surgeon. However, two- 
dimensional echocardiography is cheaper and more accessi- 
ble than Doppler color flow mapping, but technical problems 
exist with this technique. For example, using two- 
dimensional echocardiography to determine the maximal or 
minimal annular diameter requires frame by frame analysis 
in at least two views. This is a very time-consuming and 
tedious process and errors can potentially occur as a result 
of patient movement or breathing, or both. Also, the two- 
dimensional imaging planes used may not interrogate the 
tricuspid valve anulus at its center, but at a position either 
lower or higher, causing the maximal and minimal anulus 
diameters to be incorrectly measured. In addition, the tri- 
cuspid regurgitant jet is not directly visualized by two- 
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dimensional echocardiography. Despite its higher cost, Dopp- 
ler color flow mapping is our preferred technique in detecting 
and assessing tricuspid regurgitation severity. It allows the 
examiner to assess the severity of tricuspid regurgitation in 
many cases by just “eyeballing” the images as the exami- 
nation is performed in multiple planes. Because it is quicker 
and easier to use, Doppler color flow mapping would also be 
expected to be more convenient than two-dimensional echo- 
cardiography. 
Limitations. A significant limitation in this study is the 
use of the surgical assessment of the tricuspid regurgitation 
as a reference standard for correlating our Doppler color 
flow mapping and two-dimensional echocardiographic find- 
ings. As mentioned previously, the assessment made by the 
surgeon is somewhat subjective and could be influenced by 
the clinical preoperative course of the patient and also the 
size of the right atrium and right ventricle. However, in the 
absence of any other reliable reference standard and because 
it is the surgeon who makes the final decision regarding 
repair of the tricuspid valve, we considered it appropriate to 
correlate the two-dimensional echocardiographic and Dop- 
pler color flow findings with intraoperative assessment. 
These noninvasive variables easily differentiated those who 
did and did not undergo valve repair and indirectly distin- 
guished between severe tricuspid regurgitation and moderate 
or mild tricuspid regurgitation. However, because of the well 
recognized limitations of the surgical method, no attempt 
was made to distinguish mild from moderate tricuspid regur- 
gitation. 
The optimal use of Doppler color flow mapping in the 
evaluation of tricuspid regurgitation entails considerable 
technical expertise and training, especially in regard to using 
appropriate instrument settings and transducer angulations. 
This represents a significant limitation of this technique. 
Conclusions. The results of our study in a large number of 
patients undergoing mitral or aortic valve replacement, or 
both, indicate that Doppler color flow mapping and two- 
dimensional echocardiography reliably distinguish patients 
with severe tricuspid regurgitation who receive tricuspid 
valve annuloplasty from those with less severe tricuspid 
regurgitation in whom tricuspid annuloplasty is not deemed 
necessary. Because Doppler color flow mapping is quicker 
and easier to use than two-dimensional echocardiography, 
and because, unlike two-dimensional echocardiography, it 
provides a direct visualization of the tricuspid regurgitant 
jet, it is our preferred technique for detection and assess- 
ment of tricuspid regurgitation. Nevertheless, two-dimen- 
sional echocardiography provides important information re- 
lating to tricuspid valve anulus size and sphincteric function 
that directly influence the severity of tricuspid regurgitation. 
Also, tricuspid valve repair would be expected to affect both 
the size and the function of the tricuspid valve anulus. Thus, 
real time two-dimensional echocardiography and color Dop- 
pler flow mapping represent complementary techniques in 
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the evaluation of tricuspid valve anulus size and function and 
severity of tricuspid regurgitation. However, further pro- 
spective studies are required to assess the exact status of 
these noninvasive techniques in the evaluation of patients 
with tricuspid regurgitation. 
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